The firewall was introduced into black hole evaporation scenarios as a deus ex machina designed to break entanglements and preserve unitarity (Almheiri et al., 2013) . Here we show that the firewall actually exists and does break entanglements, but only in the context of a virtual reality for observers stationed near the horizon, who are following the long-term evolution of the hole. These observers are heated by acceleration radiation at the Unruh temperature and see pair creation at the horizon as a high-energy phenomenon. The objective reality is very different. We argue that Hawking pair creation is entirely a low-energy process in which entanglements never arise. The Hawking particles materialize as low-energy excitations with typical wavelength considerably larger than the black hole radius. They thus emerge into a very non-uniform environment inimical to entanglement-formation.
INTRODUCTION
A man whirling around on a carousel finds it convenient to talk about a centrifugal or inertial force. The force is not real, but it provides an internally consistent account of dynamics in his frame if he chooses to ignore the fact that he is accelerating. Einstein's elevator is a well-known example of the fertility of such concepts in classical physics.
When quantum effects come into play, matters become more interesting. Forty years ago, Unruh showed that a particle detector accelerating in vacuum reacts just as if it were at rest but in contact with a thermal bath at a temperature proportional to its acceleration (Unruh, 1976) . The bath is fictitious, but it provides an internally consistent description of physics in the detector's restframe if we choose to ignore its acceleration.
All this becomes relevant to Hawking evaporation when we recall that our conception of pair creation by black holes and the resulting entanglements leans quite heavily on a simple mental picture. Two entangled excitations of very high energy emerge at or near the horizon. One falls into the hole; the other escapes and gets redshifted to become a Hawking particle with typical energy on the order of the Hawking temperature.
But the formal theory lends no direct support to this simple picture. Hawking's original derivation (Hawking, 1975) was based on an asymptotic S-matrix approach. Evaluations of the stress-energy tensor in the Unruh state show that expectation values are everywhere finite, with no sign of high energy at the horizon (Fabbri & Navarro-Salas, 2005) .
Seemingly at odds with this is the fact that a particle detector stationed near the horizon becomes highly excited (Fabbri & Navarro-Salas, 2005) . But this detector is statically supported against gravity and therefore strongly accelerated. Its response is due entirely to the Unruh effect (Unruh, 1976) . We have no reason to think that any of it stems from the black hole, and have no evidence for a high-energy origin of the Hawking particles. These intrusive heating effects of acceleration are the price one pays if one is studying physics near the horizon from a stationary platform. But they are unavoidable if we want to follow black hole evaporation over a long stretch of time. They are inertial effects in the same sense as the inertial forces of classical mechanics, and must be taken into account for an internally consistent description of the static observer's experience. They are an inseparable part of his virtual reality.
Hawking excitations emerging from the horizon in this virtual narrative are at once enveloped in a bath of acceleration radiation (the firewall, located on a sphere at the radius of the observer) and heated to relativistic energies. They become in fact the excitations of our simple mental picture. And the firewall will abort any interactions that might otherwise arise between outgoing partners of early and late pair-creation events. (We recall that this was the crux of the AMPS bigamous entanglement paradox (Almheiri et al., (2013) , henceforth AMPS13 ).
This narrative, although quite divorced from reality, is internally self-consistent, and correctly predicts observable effects -in particular, that bigamous entanglements never occur.
But clearly this is not the way it actually happens. The firewall is only a fiction, an artefact of the static observer's virtual reality.
In the real, low-energy scenario we are advocating here, the partners of a pair-creation event materialize with wavelengths substantially larger than the size of the hole, i.e., into very nonuniform surroundings. Entanglements will easily form only if the environment allows easy exchange of the partners' positions, which is not the case here. It seems plausible that no entanglements will arise in the first place.
Thus the AM P S13 bigamous entanglement paradox is resolved in both the real and virtual scenarios, though in completely different ways. However, it must be emphasized that the virtual scenario may be fictitious, but it is very far from being superfluous and useless. Because it is an elegantly clean and consistent scenario, its predictive power is very much greater. For instance, it makes the correct observable prediction that the Hawk-ing spectrum is thermal. This is completely lost in the fuzzy picture of the real scenario seen by a free-falling observer. Therefore we go as far as to claim that the quantum equivalence principle (QEP) is not just a magnificent cultural ornament, but is directly applicable and useful to science.
Our argument can be strengthened to provide a proof that information cannot be lost in black hole evaporation. In the static observer's virtual reality, information falling toward the hole is intercepted by the Unruh firewall and reradiated to the outside. None of it enters the hole in this scenario, and none is lost. QEP then guarantees that information is ultimately preserved also in the real scenario, though in a much more complicated way.
QEP bears a superficial resemblance to BH Complementarity (Susskind, 2008) , long championed by Leonard Susskind. Both contrast the experiences of static and free-falling observers near the BH. However, QEP asserts that the static experience is not complementary in the sense of Bohr, but completely different and fictitious ("virtual reality"). And it exposes and emphasizes the key role of Unruh heating in the contrast. But in their operational philosophy, the two approaches have much in common.
SUMMARY
It is worth restating in plain terms our viewpoints set forth above:
1. In the real world, there is no firewall at the horizon. A real firewall would have unacceptable consequences.
2. Pair creation by a black hole is not a localized process confined to the horizon; it spreads over a broad region that includes the horizon.
Hawking excitations, emerging from the horizon in the stationary observer's virtual narrative, are at once enveloped in acceleration radiation and heated to relativistic energies. They become, in fact, the excitations of our simple mental picture. To a network of stationary observers distributed over a sphere of radius r, this will appear as a firewall of radius r. And the firewall will abort any interactions that might otherwise arise between outgoing partners of early and late pair-creation events. This was the crux of the AMPS13 bigamous entanglement paradox (Almheiri et al., (2013) . Bardeen has argued forcefully that Hawking radiation must have a low-energy, non-local origin (Bardeen, 2014) . And it does seem a bit odd that high-energy particles should pop out in low-curvature vacuum surroundings from a surface that is only defined globally. The snag for this conservative but unfashionable view has always been: how is it, then, that the radiation emerges near infinity with a thermal spectrum stamped with the signature of the horizon (its surface gravity), in perfect agreement with Hawking's asymptotic derivation (Hawking, 1975) ? And why, then, should the Kraus-Wilczek amplitudes (Kraus & Wilczek, 1994) for tunnelling through the horizon match the thermal results?
The "virtual reality" scenario provides an answer to both questions. This paper has no formulas, and for a reason. The formal theory, as far as it goes, is in good shape; we do not tamper with it. The problem is that the formal theory is still incomplete, and we have been bridging the gaps with an intuitive picture. And the intuitive picture has been misleading us because it, too, is incomplete.
When we talk about entanglement formation and disruption, this is not, or at least not yet, based on formal calculation. It is plausible guesswork. We are suggesting that the intuition behind this guesswork is faulty, incomplete, because it leaves out a key ingredient, the heating effects of acceleration.
Take an operational view: we sit on a platform stationed near the black hole and watch for a long time as it evaporates. But then we get a distorted picture of what is happening to the black hole itself, because our platform is accelerating, and this has consequences, especially quantum consequences.
Unruh taught us that the quantum consequences can be thought of as a heating effect (Unruh, 1976) . For us, this heating is just as "real" as centrifugal force is for someone on a carousel. For him, it "explains" why loose objects on the carousel fly outwards, and for us, it "explains" the subtle quantum effects of our acceleration on the things we perceive and the conclusions we draw from those perceptions. What we perceive is an outflow of "hot" particles (Unruh-heated Hawking excitations) issuing from a neighbourhood of the horizon-very much our traditional picture of pair creation at the horizonbut now laced with a new feature: Unruh heating, a "firewall".
Objectively, this heating effect does not exist. It makes no contribution to the material stress-energy and it has no effect on the space-time geometry. But, within the context of a consistent "virtual narrative" spun by a static observer near the horizon who chooses to ignore effects of his acceleration, it does exist. And it has the power to act on the other elements of his virtual narrative. In particular, it can abort or break virtual entanglements formed in his narrative of pair creation.
In this view of things, the firewall appears no longer as an ad hoc intervention, but as a built-in entanglementslasher. Bigamy is not an option.
In short: our conventional picture of high-energy pair creation at the horizon is a fiction. But we can adopt this picture and still predict observable phenomena correctly, provided we accept the baggage that comes with it: a firewall (in reality, created by our acceleration).
To conclude on a speculative note: Einstein's equivalence principle served as a bridge between Newtonian gravity and classical general relativity. Could a thermally extended quantum version, of the sort adumbrated here, play a similar role as passport to a successful quantum theory of gravity? Perhaps. Optimism is tempered by Einstein's admonition: "A good joke should not be repeated too often". But that was addressed to Heisenberg, and concerned his quantum uncertainty principle.
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